We study the complexity of the Subgraph Bisimulation Problem, which stands to Graph Bisimulation as Subgraph Isomorphism stands to Graph Isomorphism and we prove its NP-Completeness.
I. INTRODUCTION
Graph and Subgraph Isomorphism are two basic algorithmic problems [6] . Although the latter is NP-complete, the lower bound for the time complexity of the former is still an open and very attractive issue. Bisimulation, a relation weaker than isomorphism, emerged as a fundamental property in various areas of Computer Science [1] , [8] . Polynomial time procedures can be used to check whether two distinct graphs are bisimilar [9] . The Subgraph Bisimulation problem consists in identifying a subgraph G 2 of a graph G 2 bisimilar to a given graph G 1 .
The graphical query language G-log [10] uses this notion for retrieving data from semistructured information [4] . Data retrieval in the languages UnQL [2] and Graphlog [3] can be implemented on the basis of this notion, as shown in [5] . Relationships between web-like databases and hypersets (where bisimulation is used for testing equivalence) are pointed out in [7] .
We prove that the Subgraph Bisimulation problem is NP-complete. As a consequence, data retrieval based on this notion in its generality is not feasible. However, a class of queries that allows polynomial time data retrieval based on Subgraph Bisimulation is shown in [5] . 
II. BASIC DEFINITIONS AND RESULTS
A directed graph (graph) is a pair G = N, E , where N is the set of nodes and E ⊆ N × N is the set of edges.
The Graph Bisimulation problem GB(G 1 , G 2 ) amounts to determining whether G 1 ∼ G 2 ; the Subgraph Bisimulation problem SB(G 1 , G 2 ) consists in deciding whether there exists a subgraph G 2 ) ) are different. However, each graph isomorphism is a bisimulation. In Figure 1 a bisimulation between two non isomorphic graphs is shown. 
v 5B r r r j r r r jB E Fig. 1 . 5 } is a bisimulation between the two graphs.
The size of an instance of each one of the problems is the sum of the number nodes and edges of G 1 and G 2 . The polynomiality of the GB problem follows from [9] , where it is shown how to find the maximum bisimulation contraction in time O(|E| log |N |).
III. COMPLEXITY RESULTS

SB(G
is in NP, since G 2 ∼ G 1 can be verified in polynomial time [9] . We prove its NP-hardness by reducing the NP-complete Directed Hamilton Path (HP ) problem 2 ([6] , p. 60) to SB. Let n ∈ N; C n = N, E is a n-chain if N = {x 1 , . . . , x n } and E = { x i+1 , x i : 1 ≤ i < n}.
Proof: The property (i) can be proved by induction on n ≥ 1. and, thus, it is a bijection. 
Theorem 1:
The Subgraph Bisimulation problem is NP-complete.
Proof: It remains to prove the NP-hardness of the problem. We reduce the HP problem to it.
Let G = N, E ; we claim that HP (G) is equivalent to SB(C n , G), with C n a n-chain and n = |N | (see also Fig. 2 ).
Assume that G admits the Hamilton path: v n → v n−1 → · · · → v 1 . By definition, the v i 's are pairwise distinct. Each edge occurring in the path occurs exactly once (otherwise, some node is repeated in the path). The path is a subgraph of G isomorphic (and hence bisimilar) to C n .
Assume that there is a subgraph G of G bisimilar to C n . By Lemma 1(i) G has at least n nodes; thus, being a subgraph of G, it has n nodes. By Lemma 1(ii) G ≡ C n , i.e. it is a n-chain describing a Hamilton path.
The reduction is trivially in determisistic O(log n) space.
